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The experiments to be described were carried out in the attempt to 
distinguish by serological methods the pepsins from several different 
animal species, as well as to compare the serological behavior of pepsin 
and its precursor, pepsinogen. 
The concept of organ specificity was established by Uhlenhuth (1) who showed 
that the lens protein of one species would give rise to antibodies having no rela- 
tion to the serum proteins of the same species, although these  antibodies would 
react  with lens  proteins  from  unrelated  species.  Enzyme proteins  have been 
shown to be antigenic.  Sumner and  Kirk (2,  3)  were able to produce a  pre- 
cipitating serum with crystalline urease, and to demonstrate the protective effect 
of such antibodies against the toxicity of the enzyme in ~vo.  Although  the anti- 
ure~se  would  completely remove the urease from solution, the resulting  precipi- 
tate apparently retained  most of its activity.  Northrop (4) found that crystal- 
line swine pepsin protein gave rise to pepsin precipitating antibodies.  By means 
of the Dale technique, TenBroeck (5) was able to differentiate pig and beef trypsin, 
as  well  as  chymotrypsin and  its  precursor,  chymotrypsinogen, each  /)f  which 
had been purified by five crystallizations. 
l~epsin presents a special problem since, according to Northrop (4), 
it is inactivated above pH 6; as a more alkaline condition is approached 
the enzyme is converted into a typical denatured protein.  At 37°C. 
and pH 7.6, almost all of the pepsin is inactivated or denatured imme- 
diately, and on being returned to pH 2-3, the denatured pepsin precipi- 
tates.  It is therefore most likely that active pepsin cannot exist in 
the body fluids,  and that inactive, denatured pepsin is responsible for 
antibodies developed following the injection of active pepsin.  North- 
rop (4) and Kirk and Sumner  (3) have commented on this likelihood, 
and it must be borne  in mind in  the interpretation  of  these experi- 
ments, since  the  denaturation of a protein may produce a  new  speci- 
ficity very different  from that of the original  native protein (8-11). 
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Attempts to carry out predpitin reactions in the aridity range at 
which pepsin is native revealed the fact that between pH 4 and 6 both 
pepsin  and  pepsinogen  precipitate  normal  serum  proteins.  For 
example, if a normal rabbit serum is adjusted to pH 5, and pepsin at 
pH 5 is layered over it, there will be a definite ring formation, even 
at  a  pepsin  dilution  of  l: 1,000,000.  This  is  also  true  of  normal 
chicken, bovine,  swine, and horse sera,  and of the purified albumin 
and globulin fractions of normal horse serum.  At the normal serum 
pH of 7.6 no precipitation occurs. 
The coagulation of milk by pepsin, one of the most delicate  tests 
for peptic activity, is carried out at pH 6.  Using this test to demon- 
strate antipeptic activity of pepsin precipitating sera, it was observed 
that several normal rabbit sera showed a greater inhibition of activity 
than  did  the  pepsin  antisera.  It  is  possible  that  this  nonspecific 
inhibition is related to the nonspedfic precipitation,  since both take 
place in about the same range of acidity.  Apparently it is impossible 
to study specific serological reactions with active pepsin as such; the 
limitations imposed by its denaturation at pH 7.6 must be accepted. 
EXPERIMENTAL 
Rabbits weighing about  2  kg.  were given three intraperitoneal injections at 
weekly intervals of 5.0 cc. of a  ! per cent solution of swine pepsin.  This material 
had  been twice crystallized, and dialyzed.  It was injected at pH 5.  2  weeks 
after the last injection, the rabbits were bled and serum collected.  Pepsin was 
prepared for the precipitin reaction by adjusting a  concentrated solution to pH 
7.6, and diluting to I per cent on the basis of dry weight of pepsin.  This solution, 
referred to as 1 ×  10  -~ was diluted 1:10 serially to 1 ×  10  -6.  Precipitin reactions 
were done by the ring test, layering antigen dilutions over the undiluted anti- 
serum,  and  reading after  1~ hours  at  room  temperature.  Of four  rabbit sera 
prepared as described above, two showed no pepsin precipitins, one precipitated 
pepsin at a concentration of 1  X  10  -a, and one at 1  ×  10  -~.  Although the two 
positive sera gave similar results, the experiments presented will deal only with 
the stronger serum.  Antisera precipitating swine serum proteins were prepared 
by injecting rabbits intramuscularly with  swine serum adsorbed onto  alumina 
according  to  the  method  of Hektoen  (5).  The  strongest  serum  so  obtained, 
which precipitated a  1  X  10  -5 concentration of swine serum protein (on the basis 
of dry weight), was used. 
Pepsinogen (7)  gives rise to precipitating antibodies more readily than  does 
pepsin.  At pH 7.6 it is a  stable native protein.  Four rabbits were given three 
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of pepsinogen at pH 7.6.  2 weeks after the last injection,  two sera  showed a 
precipitate  at 1 ×  10  -s (1 gin. enzyme protein in 100,000 cc. salt solution) con- 
centration of pepsinogen; two sera reacted at 1  ×  10  -e.  3 weeks after the last 
injection  the  titers  were  the  same,  at  which  time  the animals  were exsan- 
guinated, and serum collected.  The pepsinogen preparation used in these rabbits 
was later shown to contain a  certain  amount of swine protein other than pep- 
sinogen. 
Pepsin 
Through the  kindness of Dr.  Northrop  samples  of cattle,  rabbit, 
guinea pig,  chicken,  and  shark  pepsin  were  available.  These  were 
tested  for precipitation  at pH  7.6  in  swine pepsin  antiserum.  The 
results appear in Table I.  Only the swine and bovine pepsins were 
crystallized;  the  amount  of  pepsin  ill  the  other  preparations  was 
estimated  by  activity  measurements  and  expressed  in  Table  I  as 
rennet units.  The amount of enzyme in 1.0 cc. which will clot 10 cc. 
of 20 per cent "Klim" (pH 6) in 1 minute is defined as 1 rennet unit. 
In the case of the crystallized swine pepsin,  1 rennet unit per  cubic 
centimeter represents a concentration of about 2  X  10 -~ gm. per cubic 
centimeter on the basis of dry weight of pepsin protein. 
It  is  apparent  that  swine  and  bovine  pepsin  react  equally well, 
guinea pig considerably less so, and the other pepsins not at all in the 
swine  pepsin  antiserum.  The  same  swine  pepsin  antiserum  was 
absorbed with these heterologous pepsins  , and tested thereafter with 
swine pepsin. 
In the homologous absorption using swine pepsin,  a solution  containing 100 
rennet units per cubic centimeter was added to an equal amount of undiluted 
antiserum, incubated overnight at  37°C., and the precipitate  removed  in the 
centrifuge.  The supernatant fluid no longer  precipitated  swine pepsin  in the 
range of dilutions tested.  If a smaller absorbing dose was used, 30 to 10 rennet 
units per cubic centimeter,  the titre of the serum was reduced about 100 times. 
Table II shows the extent to which swine pepsin precipitins were 
removed by heterologous pepsins.  In this and the following tables, 
each  symbol  represents  one  tube;  the  first,  an  antigen  dilution  of 
1  ×  10 -~ (1 gin. enzyme protein in 100 cc. salt solution), the second, 
1  X  10-3,  and so on,  the  highest  dilution being  1  ×  10 -8.  Tubes 
showing a  definite ring  after  1  1/2  hours  at  room  temperature  are 
designated +, thos6 with a faint ring 4-.  Thus,+ +  +-  -  indicates 
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It appears that  bovine and guinea pig pepsins completely remove 
the  swine pepsin precipitins.  Rabbit,  chicken,  and shark pepsins do 
not  affect  these  antibodies,  nor  does  swine  serum.  In  addition  to 
native  swine  serum proteins,  HC1  (pH 2)  denatured  serum proteins 
were also used  and  found to  be unreactive  in  swine pepsin antisera. 
TABLE  I 
Reaction of Heterologous Pepsins in Swine Pepsin Antiserum 
Pepsin tested* 
Swine pepsin ..................... 
Bovine pepsin .................... 
Guinea pig pepsin ................ 
Rabbit pepsin .................... 
Chicken pepsin ................... 
Shark pepsin  ..................... 
100 
+ 
Rennet units per co. 
3O 
T- 
+ 
10 
T 
-4- 
3  1 
T 
0.3 
4- 
+ 
0.1 
-4- 
* All negative in normal rabbit serum. 
TABLE II 
Absorption of Swine Pepsin Antiserum with Heterologous Pepsins 
Subsequent  titer with  Absorbed  with  Rennet units per cc.  swine  pepsin 
Saline* ................................... 
Swine pepsin .............................. 
Bovine pepsin ............................. 
Guinea pig pepsin .......................... 
Chicken pepsin ............................ 
Shark pepsin .............................. 
Rabbit pepsin ............................. 
Swine serum ............................... 
100 
100 
100 
100 
30 
10 
++++- 
++++- 
++++- 
++++- 
++++- 
* Serum diluted 1:2 with physiological salt solution as a control on the serum 
dilution effeeted by absorption. 
It is true that the rabbit and shark pepsins in the highest concentra- 
tions available would be expected only to reduce the titer of the serum, 
but no evidence of such a reduction could be detected.  These findings 
confirm  the  direct  precipitation  reactions.  Bovine  and  guinea  pig 
pepsins cross-react with swine pepsin precipitins, while rabbit, chicken, 
and shark pepsins probably do not.  According to Nuttall  (12)  there C.  V.  SEASTONE  AND  R.  M.  I-IEP._RIOTT  801 
is some serological relationship between the serum proteins of swine 
and cattle, and none whatever between swine and the other species 
tested, including the guinea pig.  By means of an antiserum precipi- 
tating  swine serum proteins,  similar results were obtained.  Bovine 
serum precipitated and absorbed swine serum precipitins incompletely, 
guinea pig and chicken sera not at all.  It was also found that swine 
pepsin was not reactive with the swine serum protein precipitins.  The 
use of a 1 per cent solution of swine pepsin in salt solution as a diluent 
did not alter the reaction of swine serum protein with its homologous 
antiserum. 
Pepsinogen 
The undiluted antisera prepared with swine pepsinogen reacted with 
that material in a concentration of 1 X  10 -6 (1 gin. pepsinogen protein 
in 1 million cc. of salt solution).  Tested with swine pepsin, there was 
a  faint reaction at 1  X  10 -s and 1  X  10 -6, the lower dilutions being 
negative.  Swine  serum  proteins  also  precipitated  in  pepsinogen 
antiserum at a dilution of 1 X  10 -4.  The absorption method was used 
to  determine whether these cross-reactions were due to  the known 
impurity of the injected pepsinogen, or whether the three antigens, 
pepsin, pepsinogen, and swine serum, were serologically related.  The 
data are presented in Table III.  The pepsinogen preparations used 
here had been more thoroughly purified. 
It may be seen that the faint reaction of pepsin in undiluted pepsin- 
ogen serum described above is eliminated by dilution of the pepsin- 
ogen serum 1: 2.  Moreover, the addition of pepsin to the pepsinogen 
antiserum left both  the pepsinogen and swine serum precipitins un- 
altered.  Complete  pepsinogen  precipitin  absorption  did  not  affect 
the swine serum protein precipitins.  The removal of the swine serum 
protein precipitins did not affect the pepsinogen titer. 
The reaction of swine pepsinogen in a swine serum protein precipi- 
tating serum was also investigated.  It was found that swine pepsin- 
ogen  reacted  with  such  an  antiserum in  proportion  to  its  purity; 
indeed this reaction was useful to  a  certain extent as a  criterion of 
purity.  The cruder preparations often precipitated in a  dilution of 
1 X  10-4; as purification proceeded the titer would drop, without loss 
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1  X  10 -5 concentration of swine serum proteins.  In some prepara- 
tions,  no  precipitation  occurred.  Several  attempts  to  absorb  or 
inhibit  swine  serum precipitins  with  such purified pepsinogen were 
negative. 
Reaction of Pepsinogen  in Pepsin Antiserum 
It has been shown that pepsin reacts only feebly and with a marked 
prozone in undiluted pepsinogen antiserum, and that dilution of the 
serum 1:2 is sufficient to eliminate the reaction in the range of dilu- 
tions tested.  In addition (Table III) pepsin fails to inhibit the reac- 
tion of pepsinogen in such a pepsinogen antiserum.  However, when 
pepsinogen was tested in pepsin  antiserum, it was found that pure 
pepsinogen not only precipitated at a  concentration of 1  ×  10 -3, but 
TABLE  III 
Absorption of Swine Pepsinogen Antiserum 
Absorbed with 
Saline* ............................. 
Pepsinogen ......................... 
Pepsin ............................. 
Swine serum  ........................ 
Subsequently  tested with 
Pepslnogen  Pepsin  Swine serum 
+++++ 
+++++ 
+++++ 
+++-- 
+++-- 
+++-- 
* Serum diluted 1  : 2 as a control on the serum dilution effected by absorption. 
also absorbed pepsin precipitins as well as pepsin itself.  Absorption 
of the serum with pepsin eliminated the pepsinogen reacting compo- 
nent as well.  These results appear in Table IV.  They indicate a true 
cross-reaction between pepsinogen  and  antipeptic  antibodies.  The 
fact that pepsinogen, however purified, absorbs pepsin precipitins is 
less  significant  than  the  removal of the  pepsinogen precipitins  by 
pepsin, for it is difficult to be certain that the pepsinogen preparations 
are free from small amounts of alkali-denatured pepsiri. 
It has been impossible by chemical means, including three crystal- 
lizations, to bring the precipitation end-point of pepsinogen in pepsin 
antiserum below a  concentration of 1  ×  10 -s.  In addition to other 
fractionation methods, calculated to remove alkali-denatured pepsin, 
advantage was taken of the fact that the heat denaturation of pepsin- C.  V.  SEASTONE  AND  R.  M.  HERI~IOTT  803 
ogen is reversible by cooling, while that of alkali-denatured pepsin is 
practically irreversible.  A solution of purified pepsinogen was heated 
to 80°C. for 5 minutes and cooled at 35°C. for 1 minute, followed by 
the  addition of  an  equal  volume of  half-saturated  NaC1  solution. 
After removal of the precipitate, the clear supernatant contained 50 
per cent of the original pepsinogen.  From the properties of the sub- 
stances  involved,  complete removal of  denatured pepsin might be 
expected.  However, the "reversed" pepsinogen still precipitated at a 
concentration of 1 X 10 -8 in pepsin antiserum. 
TABLE  IV 
Absorption of Swine Pe ~sin Antiserum 
Absorbed  with 
Saline ............  . ...................... 
Pepsin ................................... 
Pepsinogen ............................... 
Subsequently  tested with 
Pepsin 
++++- 
Pel~,inogen 
+-t  .... 
Pepsin from Purified Pepsinogen 
The  experiments so  far  described have  dealt  with  swine pepsin 
purified by two crystallizations.  The serological behavior of a pepsin 
formed  from  pure  pepsinogen but  not  subsequently  purified  was 
investigated.  Table V  shows the reactions of a pepsinogen solution 
before and after activation to pepsin, tested in both pepsin and pep- 
sinogen antisera.  Precipitin reactions after  two  crystallizations  are 
also given. 
From the fact that twice crystallized pepsin fails to react with a 1: 2 
dilution of pepsinogen antiserum, one might expect pepsin from puri- 
fied pepsinogen to behave similarly.  However, after the pepsinogen 
was converted to pepsin, the titer of the resulting solution was only 
10 times less than that of the original pepsinogen.  Two crystalliza- 
tions  of  this  pepsin  from  pepsinogen eliminated the  precipitating 
substance. 
It was also possible to remove the precipitating substance by  the 
previously described heat denaturation of pepsinogen and subsequent 
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10 per cent of the heat-denatured pepsinogen reversed to  the native 
form.  Separation of native from the denatured proteins was effected 
by salting out and filtering off the denatured protein.  The soluble na- 
tive pepsinogen so obtained precipitated at a concentration of i  X 10 -~ 
in the pepsinogen  antiserum;  after  activation no precipitation could 
be detected in any concentration. 
These experiments indicate the presence of an antibody for a mate- 
rial other than pepsinogen in the pepsinogen antisera.  Its presence 
was further confirmed by the fact that absorption of pepsinogen anti- 
sera with activated pepsinogen did not affect the pepsinogerL precipi- 
tins.  The nature of this material is not known.  It cannot be sero- 
TABLE  V 
A ctivation of Pepsinogen 
Solution  tested  Titer  in pepsin  Titer  in  pcpsinogen 
antiserum  1:2  antiserum  1:2 
Pepsinogen before activation ................ 
Activated  pepsinogen  (pH  2.  18  hrs.,  re- 
adjusted to pH 7.6) ..................... 
After one crystallization ................... 
After two crystallizations .................. 
+-~  .... 
++++- 
++++- 
++++- 
+++++ 
++++- 
logically identified with the serum proteins, nor with prQteins extracted 
from the muscle wall of the stomach.  Since the fractionation after 
heat denaturation failed to alter the enzyme activity per milligram of 
protein nitrogen, it may be concluded that there is probably less than 
5 per cent of the material present; the activity and nitrogen estima- 
tions are accurate to within about 5 per cent. 
DISCUSSION 
The  broad  specificity  possessed  by  the  swine  pepsin  antiserum, 
reacting with the pepsin of an animal species whose serum proteins are 
unrelated to swine serum proteins, may be due to the necessary use of 
alkali-denatured pepsin.  It has been shown (8-11)  that denaturation 
of a  protein brings about a  loss of its original specificity.  Antisera 
prepared with such denatured materials have a wider range of reactiv- 
ity  than  native  protein  antisera.  Thus  denatured  horse  serum C.  V. SEASTONE AND R.  M.  ttERRIOTT  805 
albumin antiserum reacts with similarly treated albumin from ox and 
man. 
The absence of serological cross-reaction between swine pepsinogen 
and swine serum proteins, both native proteins, is parallel to the ab- 
sence of cross-reaction between the lens and serum proteins of the 
same species (1).  In the serological relationship between pepsin and 
pepsinogen, another analogy to the behavior of denatured proteins 
may be found.  Antisera made with native proteins do not generally 
react  with  denatured proteins,  whereas  denatured protein antisera 
react with both the denatured and native materials.  If one substi- 
tutes pepsinogen for the native, and pepsin for the denatured protein, 
the situation is the same.  In such experiments it is never certain 
that all of the protein has been denatured, or if it has, that reversal of 
denaturation  has  not  occurred.  Possibly  enough  native  protein 
remains to produce native protein antibodies.  This does not explain 
the fact that pepsin, containing less than a millionth part of pepsin- 
ogen, will absorb the pepsinogen reacting component from a pepsin 
antiserum, and leave the same component of a pepsinogen antiserum 
intact.  It  seems reasonable  to  assume that  pepsin stimulates the 
production of a group of antibodies reacting more or less indiscrimi- 
nately  with  pepsin  and  pepsinogen.  The  antibodies  developed to 
pepsinogen, however,  react  only with  that  substance.  Of  especial 
interest in this connection are experiments of Michaelis (13) and Land- 
steiner and van der Scheer (14) who found that proteins treated with 
pepsin  and  HC1  failed  to  precipitate  in  native  protein  antisera, 
although they would cause the formation of antibodies reacting with 
both the pepsinized and native proteins. 
After  conversion  of  pepsinogen to  pepsin,  the  persistence  of  a 
material reacting with  pepsinogen antisera  has  been  observed.  It 
probably is due not to incomplete activation of pepsinogen, but to a 
serologically  distinct  substance  which  can  be  separated  from  the 
resulting pepsin by two crystallizations, and from pepsinogen by heat 
denaturation and reversal.  Its nature is not known. 
SUMMARY 
1.  Alkali (pH 7.6)-denatured pepsins from swine, cattle, and guinea 
pigs precipitate in swine pepsin antiserum.  Similarly treated pepsins 
from the rabbit, chicken, and shark do not. 806  I"MMIINOLOGICAL STUDIES ON  PEPSIN AND  PEPSINOGEN 
2.  Pepsin antisera react with both pepsin and pepsinogen, but do 
not react with the serum proteins from the homologous  species. 
3.  Pepsinogen antisera react with pepsinogen, but not with twice 
crystallized pepsin, nor with the serum proteins from the homologous 
species.  Positive reactions between activated pepsinogen and pep- 
sinogen antiserum have been observed.  It was possible to  remove 
the reacting material from either the pepsinogen or the activated pep- 
sinogen mixture. 
4.  Antisera made with serum proteins do not react with the homol- 
ogous pepsin or pepsinogen. 
REFERENCES 
1.  Uhlenhuth,  P., Festschrift Robert Koch, Fischer,  Jena,  1903. 
2.  Kirk, J.' S., J. Biol. Chem., 1933, 100p 667. 
3.  Kirk, J. S., and Sumner,  J. B., J. Immunal.,  1934, 28, 495. 
4.  Northrop,  J. H., J. Gen. Physiol.,  1930, 13,  739. 
5.  TenBroeck, C., f. Biol. Chem., 1934, 106, 729. 
6.  Hektoen, L., and Walker,  W. H., f. Infect.  Dis.,  1933, 53,  309. 
7.  Herriott, R.  M., and Northrop,  J. H., Science, 1936, 83, 469. 
8.  Furth, J., J. Immunol.,  1925, 10, 777. 
9.  Uwazumi, S., Arb. reed. Fak. Okayama, 1934, 4, 53. 
10.  Landsteiner,  K., and Pr/~ek, E., Z. Irnmunit~tsforsch., 1913, 20, 211. 
11. Wu, S., TenBroeck, C., and Li, C. P., Chinese J. Physiol., 1927, 1, 277. 
12.  NuttaU, G. H. F., Blood immunity and blood relati~mship, Cambridge Uni- 
versity Press, 1904. 
13.  Michaelis,  L., Deutsch. reed. Woch., 1904, 34, 1240. 
14.  Landsteiner,  K.,  and  van der  Scheer,  J.,  Proc. Soc. Exp. Biol.  and  Med., 
1931, 28, 983. 